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ABSTRACT

An experimental investigation was conducted to examine

fuel regression rate control methods other han var;,ible

bypass air flow rates in the solid fuel rainJec. Air and

-' oxygen injection at various axial locations withiin the fuel

grain were examined as well as air, oxygen anid ethl-e(ne

injection through the step face. One inlet swirl design was

also tested. Secondary gas injection was found to be

inadequate for regression rate control. A small amount of

inlet swirl resulted in a significant increase in fuel

regression rate, indicating that variable inlet swirl may be

a viable technique for providing in-flight fuel flow rate

modulation in the solid fuel ramjet.
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I. INTRODUCTION

Ramjets operate with much higher specific impulse than

rockets since ramjets use inlet air as a source of oxygen.

Self-sufficient rockets, on the other hand, must carry their

own oxidizer and bear the consequent penalty. Accordingly,

although rockets must be chosen for propulsion outside of

the atmosphere, and solid propellent rockets are

unchallenged for short- range tactical applications, rainjets

can generally outperform rockets in the medium and long

range tactical environments.

Because the ramjet depends only on its forward motion at

supersonic speeds to effectively compress intake air, the

engine, in principle, can employ very few, if any, moving

parts. It is therefore capable of simplicity, lightness of

construction, and high flight speed not possible in other

air-breathing engines. These features, plus the high thermal

efficiency it can achieve, make the ramjet a particulary

att:-active choice for propelling vehicles at supersonic

speeds.

One of the significant difference between rockets and

ramjets is thrust at zero speed. Rockets can deliver thrust

at any speed, whereas a ramjet requires an auxilary boost

system to accelerate it to its supersonic operating regime

so that its forward motion can compress the inlet air. To

operate at practical efficiency a ramjet must be moving at

about a Mach number of 1.5 or greater so that the margin of

thrust over drag will be satisfactory.

The solid fuel ramjet(SFRJ) employs solid fuel for the

combustor walls. Its distinguishing feature is the absence

of fuel tankage, fuel delivery, and fuel control systems.

The solid fuel ramjet offers this simplicity while providing

excellent density impulse and combustion efficiency.

10
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flow was passed through a central swirl element which

extended 0.5 inches into the combustor. The swirl was

induced by machining six flutes with a twist of one turn in

five inches. The latter resulted in an inlet swirl angle of

approximately 5 degrees to the motor centerline.

During the normal ignition sequence, the air flow rate

was set at the desired value before the ignition switch was

activated. When the ignition circuit was activated, echylene

gas was introduced upstream of the fuel grain along with

primary air flow. This mixture was ignited with an

oxygen-ethylene torch which issued from the face of the step

inlet. Normally, two to three seconds of ignition time was

required for PMM combustion to sustain.

The step insert section was provisioned for variations

in inlet diameters to make the sudden expansion. The fuel

grain itself, when mounted in the motor, became the mid-body

of the ramjet. The fuel grain (and injection ring, if used)

mounted between the head-end assembly and the aft mixing

chamber. The aft-mixing chamber had a length-to-diameter

ratio of 2.9. The entire motor was held together by four

threaded rods and nuts. The ramjet motor was then mounted

on the thrust stand.

B. AIR SUPPLY SYSTEM

A schematic of the ramjet air supply system is shown in

figure 3.2. From the air tanks, the air flows through a

pressure regulator, a sonic choke, a vitiated air heater and

finally to the head-end assembly. The air flow can be

either vented into the atmosphere or vented through the

ramjet motor by the control of two pneumatically operated

valves. Two flexible air flow lines were used to connect

the main air line to the air heater. The latter was mounted

on the thrust stand.

25



III. DESCRIPTION OF APPARATUS

A. RAMJET MOTOR

The ramjet motor assembly used in tl.is experiments was

that used previously at NPS [Ref. 1, 2].

Figure 3.1 shows a schematic drawing of the ramjet,

illustrating the main sections. These are, the head-end

assembly, step insert section, fuel grain, aft mixing

chamber and exhaust nozzle. For the tests with secondary

injection, the injection ring was used.

The head-end assemly contains a central opening for the

introduction of the primary air-flow, and ports for

introduction of the ignition fuel and the igniter torch.

The fuel wall injection is shown in Figure 2.1, Figure

2.2 and Figure 2.3. Injection velocity varied between

approximately 30 arid 200 ft/sec as the injection mass flow

rate was increased from 71, to 5 % of the inlet air flow. A

nominal one dimensional flow port velocity was approximately

300 ft/sec.

For the face injection tests, air, oxygen or gaseous

fuel was introduced using a differently designed step

insert(Figure 2.4 and Figure 2.5). The injection was

provided through eight equally spaced, 0.047 diameter holes.

For an injection gas mass flow rate equal to I % of the

inlet air flow rate the injection veiocity was approximately

65 ft/sec.

To provide a swirl at the air inlet, a specially

designed insert was used(Figure 2.6). This device was a

tube-in-hole type injector. Approximately 43 % of the air

flow passed through the outer annulus to maintain the

recirculation region/flame holder. The other 57 % of the air

24



where Pe = exit pressure of the nozzle

PO = ambient pressure. Then for a choked

converging nozzle, this equation can be simplified to

CFe - (Y-+ )  75T (2.13)

where R and Y are determined using PEPCODE

Then efficiency based on thrust is calculated from

. C -P (2. 14)
TF %2 - C

where Cexp = F ge / (14t CFexp)

Ca = F /(M,i CF) (determined before

ignition)

F average thrust from analog

record

Mfi =pre-ignition flow rate

23
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D t --rf 1 (2.

F Cair *air (2.8)

Then temperature-rise comustion efficiency based on

nozzle stagnation pressure can be calculated using c"

'9 06p - c (2.9)

where Ca = characteritic exhaust velocity for air

Iflow before ignition

Cexp = experimental characteristic exhaust

velocity based on Pc, the average combustion pressure

Cth is obtained from equation(2.7) using

R and Tt from PEPCODE with inputs of Pc, Ta, hair, 5.h, fno, and

' .H4F . The latter two flow rates are used in the vitiated

air heater.

The thrust equation is

F = Mt Ue + (Pe - Po) Ae (2.10)

where m=A;r ,ni+ mno+ mncfH 4

A thrust coefficient, Cl, can be defined such that

F = CF Pt Ath (2.11)

-)( PeA
CF Z -e +( e ) (2.12)

22



based on thrust. The one dimensional continuity equation

(A= Y A V) can be expressed in terms of the chamber

stagnation properties for a choked converging nozzle

Pt Ati -- (2.5)
S= RTt

where it = total flow rate

Pt = Pc, chamber pressure(for low Mach

number)

AthefF effective nozzle throat area

R gas constant

The characteristic exhaust velocity, c is defined as

c-= Fe Ath ic F l " (2.6)

where CF = thrust coefficient

For a sonically choked exhaust nozzle,

I T ~I -
C (2-j ) R Tt (2.7)

Using pre-test air flow through the motor, equations

(2.6)and (2.7) can be used to determine the effective

exhaust nozzle throat diameter(Dtheff)

21
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Df _ _ + Di (2.2)

where AW = weight change

L = length of the fuel grain

= density of the fuel grain

= average intial port diameter of the

PMM grain

The average fuel regression rate was then computed using

(2.3)

atb

The mixture ratio, chamber pressure and motor air inlet

temperature were used as input into the Naval Weapons

Center(NWC) China Lake, Ca. , Propellant Evaluation

Program(PEPCODE) computer program to obtain the theoretical

adiabatic combustion temperature and the combustion gas

properties( Tand R). This temperature was used to calculate

temperature rise combustion efficiencies based on thrust and

based on nozzle stagnation pressure, where

SR (2 .4 )

Ttth Ta.

and T+ = combustor stagnation temperature

Ttth = theoretical combustor temperature

Ta = inlet air temperature

Experimental values of combustor stagnation temperatures

were calculated in two ways, one based on pressure and one

20
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Figure 2.6 Swirl Element Inlet Injector.

Temperatures were only recorded digitally. Average

values of the thrust and chamber pressure were determined

using a compensating polar planimeter on the analog record.

The mass flow rate of air was obtained by using

sonically choked nozzles. Average fuel mass flow rate was

calculated by using the weight loss during the burn time

-f W (2.1).o "tb

where .4w weight change during the run

tb= burn time

The average internal diameter of the fuel grain was

measured prior to the run. The final average diameter was

determined based on weight loss and fuel length by using

19
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Figure 2.3 Injection Ring for Side Wall Injection.

Figure 2.4 Step Insert For Gaseous Face Injection.
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conditions found to significaLntly affect chamber pressure(or

thrust) were further evaluated using full-length burn times

of approximately 30 seconds (in order to accurately

determine regression rate and combustion efficiency).

B. DATA COLLLECTION METHOD

The data collected during the regression rate control

tests consisted of air flow rates, oxygen, air or fuel flow

rates for the injection, motor head-end and chamber

pressures, weight changes of the fuel grain, pre-ignition

air flow time, ignition time, burning time, purge time,

thrust and ignition gas flow rate. All pressures and the

thrust were recorded both digitally and analog.

Figure 2.1 Fuel Configurations for Side Wall Injection.

15
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II. METHOD OF INVESTIGATION

A. TEST CONDITITIONS AND METHODS

The experimental investigation was begun by selecting

several configurations for regression rate control through

the utilization of secondary injection. It was decided to

examine secondary injection at three locations through the

fuel grain wall: in the recirculation zone(flame holder

area), just downstream of flow reattachment and further

downstream within the region of the developing boundary

layer (in which is located a turbulent diffusion flame). In

addition, gaseous injection on the inlet step face and inlet

air swirl were examined.

Polymethylmethacrylate(PMM) was used as the fuel and had

a nominal length of 12 inches and an internal diameter of

1.5 inches. A sudden expansion inlet was used which provided

an inlet step height of 0.49 inches.

Flow reattachment normally occurs between 7 and 8 step

heights(i.e, 3.5 - 4 inches). Thus the three injection

location chosen where 2, 5, and 8 inches from the head

end(See Figure 2.1).

The injection ring was designed to provide radial

* . injection through eight equally spaced, 0.0625 inches

diameter holes(See Figure 2.2 and Figure 2.3).

Gaseous injection was also used through the inlet step

-.- face as shown in Figure 2.4 and Figure 2.5.

.- .[ ofSwirl was provided to the inlet air flow through the use

of a swirl element inlet injector(Figure 2.6).

*Initial screening tests of short duration were made in

which no injection or swirl was used, -followed by tests with

various amounts of gaseous injection or swirl. Those

14
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oscillations. Therefore, other fuel regression rate control

techniques should be persued.

One possible altetrnative technique is the use of

variable swirl at the air inlet. Increased swirl may

increase the regression rate. This technique would require a

vane control device. Another possibility is the use of

secondary injection of air, oxygen or gaseous fuel into one

or more locations within the combustor. This may lead to

both increased fuel regression rate and combustion

efficiency. If oxygen were used it would require an

auxillary supply system. Therefore, it would be a practical

possibility (to maintain simplicity) for a one-time

augmentation in thrust(at take-over from booster, at

terminal maneuver, etc).

In this investigation tests were conducted to examine

the effects of secondary gaseous injection and inlet air

swirl on regression rate and combustion efficiency.

A new ramjet thrust stand was installed in the

combustion laboratory and required calibration and

certification. A second part of this investigation was to

conduct tests using high temperature inlet air and then to

ensure that combustion efficiencies based on thrust and

based on measured chamber pressure were in agreement.

1
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Fig 1.1 shows a schematic of a SFRJ combustor. One

inherent problem with the SFRJ is the dependence of fuel

regression on the air mass flux through the fuel grain. The

fuel regression rate generally behaves according to

k(fTair,P) 11

where = fuel regression rate

Mair = air flow rate

Ap = port area

f(Tair,P)= a weaker function of inlet air

temperature and pressure

x is between .3 and .6

If the air flow rate increases or decreases, then the

fuel flow rate varies in the correct direction, but not

enough to maintain design fuel-air ratio. This can

significantly affect propulsive thrust.

The range of application and the performance of the SFRJ

could be significantly improved if fuel regression rate

could be controlled in some manner. Perhaps the most

obvious method for fuel regression rate control is to use

variable bypass air flow.

Bypass designs are often desired in order to increase

fuel loading, and can also improve combustion efficiency. A

valve in the bypass line could be used to vary the bypass

ratio, thus producing changes in the fuel flow rate

according to equation 1.1. (since only the fuel port air

mass flux affects the regression rate). However, combustion

* efficiency may vary significantly with the amount of bypass

air and a control valve must be used in the inlet air

ducting. In addition, flow coupling may lead to undesired

12
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C. AIR HEATER

To simulate actual flight condition, air should be

heated to the appropriate stagnation temperature. In this

investigation ethylene gas used in the air heater. The

oxygen in the air which is consumed during the heating must

be replaced before injection into the ramjet cumbustor.

Figure 3.2 shows a schematic diagram of the air heater. The

air heater and the ramjet motor assembly were mounted

together on the thrust stand.

D. DATA ACQUSITION AND CONTROL SYSTEM

The primary instrumentation used in this investigation

consisted of various individual pressure transducers and

thermocouples and a strain gage load cell for the thrust

measurement. All transducer outputs were recorded both with

a Honeywell 1508 Visicorder and HP-9836S computer using a

HP-3054A AUTOMATIC DATA AQUISITION/CONTROL SYSTEM. A timing

reference signal was provided to the analog record by

feeding a 10 Hz signal from a laboratory signal generator to

the timing channel of the Visicorder. During the test, the

HP-9836S computer system was used to record the

temperatures, and thrust, and calculate the flow rates of

the ignition gas, purge gas, air heater ethylene and oxygen,

air and secondary injection gas. It was necessary to record

the PMM fuel grain weight and inner diameter before and

after each run. The fuel grain weight was measured using a

balance. All thermocouples used were chromel vs alumel

- . (type K) with electronic ice points.

The computer was used to both control the test sequence

and to provide data aquisition during the experiment. Figure

3.3 is a block diagram of the computer program. (See

Appendix A. for a complete listing). Data aquisition for

all fourteen channels were recorded every 0.5 seconds.

28
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Variable definitions and nomenclature

Transducer calibrations
main air sonic choke pressure
chamber pressure
motor head pressure
air heater Yuel sonic choke pressure
oxygen make-up sonic choke pressure
ignition fuel sonic choke pressure
purge gas sonic choke pressure
hrust transducer

Pre-run in put
test number, date
fuel I.D
fuel dimensions and weight
air heater fuel type
mator throat diameter
ignition delay time
ignition time
buring time
purge time
sonic choke diameters, discharge coefficients
gas contants and desired flow rates

Flow rates set-up
main air
heater fuel
make-up oxygen
ignition fuel
purge gas

------------------------------------------------

Test and data collection
pressures and temperature in voltages

Data extraction
pressures, temperatures and flow rates

Print results

Figure 3.3 Block Diagram of the Computer
Data Aquisition/Control Program.

29
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IV. EXPERIMENTAL PROCEDURES AND TEST CONDITIONS

A. TRANSDUCER CALIBRATION

A dead-weight tester was used for the calibration of all

pressure transdcers. Initially all transdusers were checked

for linearity and the Visicorder(analog) display positions

were labeled. For the computer data aquisition, voltages

corresponding to atmospheric pressure and the maximum

pressure were measured. From these readings a calibration

constant (K) was determined for each transducer.

K - (4.1)

where Vpmax = voltage reading at the applied

maximum pressure

Vpo = voltage reading at atmospheric

pressure

Pmax maximum applied pressure

The thrust transducer was calibrated in-place by

appliying known weights to the transducer through a pulley

system attached to the thrust stand.

B. FLOW RATES SET-UP

By use of the computer, the gas flow rates could be set up

before the hot firing. These were determined from short

duration flows using the equation

30

.. .. . . . .. . . . . . .. . . . .. .. " ........ "",............, .' - 7%-. -... .. .... ,, . e~l i i kld i,. * -. . -. - .." .""-- " "-""



.Ira 
h k

M 4- (4.2)

where km = constant (a function of R and )
Cd = discharge coefficient

Pt = total pressure of the gas flow

Dchoke = sonic choke diameter

Tt total temperature of the gas flow

C. TEST SEQUENCE

1. Thrust Stand Calibration

The thrust stand was calibrated to determine the

difference between the measured thrust and the actual or

theoretical thrust. The measured thrust can be in error

primarily due to the variation in flex-line stiffness with

changing pressure levels. The process was begun by

dead-weight calibration of the load cell. Cold air was then

flowed through the motor with a choked exhaust nozzle.

Measured thrust was recorded and compared to the theoretical

thrust. The latter was calculated using Equations (2.11) and

(2.13). This was repeated for increasing air flow rates and

for three different exhaust nozzle throat diameter. An

additional test was made using hot air (12000 R) and a 12

inches long HTPB fuel grain. This test was conducted in

order to compare the temperature rise combustion efficiency

determined by using chamber pressure and by using thrust.

2. Fuel-wall Injection Tests

For the fuel-wall injection tests, three injection

location were used as discussed above. Each test lasted for

approximately six seconds, three seconds without injection

31
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and three seconds with injection. Air injection mass flows

. of 2, 5 and 7 percent of the main air flow rate were used.

For oxygen injection, 1.5, 2 and 5 percent were used. Those

conditions which resulted in the greatest increases in

chamber pressure/thrust were repeated with full duration(30

sec) tests.

3. Face Injection Tests

In these experiments a twelve inches long

cylindrically perforated PMM fuel grain was used. Air

injection flow rates of 2, 5 and 7 percent of the main air

flow rate were examined.For oxygen injection, 1.5, 2 and 5

percent were used. Ethylene was also used with 0.5, 1.25 and

. 2.5 percent. Testing methods were identical to those

discussed above for fuel-wall injection.

4. Inlet Air Swirl Tests

Several inlets were initially tried which induced

swirl to the entire inlet air flow. Swirling the entire flow

apparently distroys the flameholding recirculation zone, and

resulted in no ignition. The tube-in-hole injector discussed

above was then tested using a twelve inch PMM fuel grain.
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V. RESULTS AND DISCUSSION

Summaries of the experimental results obtained during

the initial screening tests are presented in Table 1 and

Table 2 for fuel-wall and inlet step-face injection

respectively. Results from the subsequent full duration

tests are presented in Table 3.

A. FUEL WALL INJECTION

In data presented in Table 1 shows that air injected

through the fuel grain surface was generally detrimental to

combustion. Air injection rates up to approximately 7 % of

the inlet air flow rate had little if any effects on

combustion pressure when introduced downstream of flow

reattachment. Small amounts of air injected into the

recirculation zone appeared to provide small improvements.

The injected air was quite cold (approximately 5000R) and

therefore could have had a quenching effect on the boundary

layer combustion. Use of "in-flight" high air should be

examined in the future.

Unheated oxygen injection resulted in significant

increases in combustion pressure, especially when introduced

into the recirculation zone in small amounts. Based on these

screening test results two additional tests were conducted

with test times of approximately 30 seconds. These tests

were made to examine the effects of I % oxygen injection

into the recirculation region.

In these tests, a total grain length of fourteen inches

was used; two inches of PMM , then the injection ring and

then twelve inches of PMM. One test(Table 3, no. 30) was

made without injection and one with (Table 3, no.29).
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Oxygen injection resulted in approximately a 5 %

increase in in fuel regression rate (when adjusted for the

different air flowrate) but a decrease of 21 % in combustion

efficiency. The recirculation zone is generally fuel rich.

Thus, oxygen injection should increase the "flame-holder"

temperature. This was evident during the test from increased

flame luminosity.

It is not clear at this point why the combustion

efficiency decreased or, for that matter, why the precence

of the ring alone increased combustion efficiency. The

oxygen injection velocity was approximately 30 ft/sec which

is less than 30 % of typical recirculation zone, near-wall

velocities. However, the injected oxygen may have penetrated

the shear layer.

Further testing would be benificial, especially using

HTPB, but at this point it does not appear that fuel wall

injection of small amounts of air or oxygen is a viable

method for providing fuel mass flowrate control since

combustion efficiency was decreased significantly and the

increase in regression rate was small.

B. INLET STEP FACE INJECTION

The data from the screening tests with step-face

injection are presented in Table 2. Unheated air had no

significant effect on combustion pressure. Oxygen injection

resulted in increased flame luminosity in the recirculation

zone but apparently did not significantly affect downstream

"' combustion (even though the overall equivalence ratio was

- approximately 0.7). Injection of ethylene resulted in

significant increases in combustion pressure.

A full duration test (Table 3, no. 28) was conducted

using I % of ethylene with an injection velocity of

approximately 65 ft/sec. Comparison of the results with
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those for no injection (Table 3, no. 27) showed that only a

small increase occurred in fuel regression rate.

Some of the ethylene apparently escaped the

recirculation region and burned downstream in the central

air or in the aft mixing region, resulting in little effect

on regression rate.

C. INLET AIR SWIRL

Only one test was conducted using inlet air swirl (Table

3, no. 31). Approximately 43 % of the air was injected

axially to maintain the recirculation zone flame holding

ability. This could be reduced to perhaps only 10 - 20 %,

resulting in more air with swirl. The amount of swirl was

also intentionally kept small ( 5 degrees from the axial

direction) to determine if regression rate was sensitive to

the swirl.

The small amount of swirl increased the fuel regression

rate by 15 %. This resulted in an increase in equivalence

ratio ratio from 0.69 to 0.79 Some non-uniformity in

regression rate was also evident.

These initial results indicate that fuel regression rate

is quite sensitive to inlet air swirl. Further testing is

necessary using varying amounts of swirl, but the technique

appears viable for in-flight fuel mass flow modulation.

D. THRUST STAND CALIBRATION

The results from the cold-flow tests for comparison of

measured and calculated thrust are in Figure 5.1. Excellent

agreement was attained. A least-square fit of the data

resulted in the following equation for relating measured

thrust to the "actual" thrust

Fa 1.0149 X Fn + 0.4 (5.1)
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where Fa =actual thrust, based on Pc and

throat diameter

Fmn = measured thrust

A test was then coducted (Table 3, no. 32) in which HTPB

fuel was used with an inlet air temperature of approximately

1200 R. This test was made in order to compare the

combustion efficiencies based on chamber pressure and based

on thrust. The two efficiencies were within 5 %, with the

value based on Pc being greater. This difference is not

large when it is realized that small errors in determining F

and Pc from the analog traces are squared when calculating C

fot' the efficiency based on thrust determination.
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65' ENTER "1722;'ihf

65c60 OlITFUT 709;'ACIO*
f7O0; OIT PUT 122 - T-1
65.80 ENTER 722"thf
15 9 0 CL EAR 705
6L30 OUTPUT 789; DCIO 0
6 410 PRINT ,'L ANd;LLY fU;N OFF AIR 'HEATER GHS' SWITCH'
,-Ell PIPEP
6630 DIS? 'HIT CONTINUE TO PROCEFD'
6640 P ,UScE
66S0 OUTPUT 709-10I0 0'
t660 Ph f =Vh hf -(ph f 0) *ph f Pba3r
6670 Volts= thf
6620 GOSUB Tcalc
6690 Thf=T
6700 Mhf=Kmhf*Cihf*Phf*.78'54*(DhfchokeA2L)/(ThfA.5)
6710 PRINT USING Ir
6720 PRINT USING '4A.DDDDDDD%''hf='-,hf
6730 PRINT USING '1 DDDODYhf IDE51RDZ;Mfd
6' 40 Ratioz:1hf/Mhfd
675c3 PRINT USING 'ISADDSIEX,4ADDDD D' lA''
; Thf "R "hIth EIE~RhT~~
67LO P Phf-Pba.r
6770 P~iNT USING '5JA,DDDD.DDD,4A)3X,4A,DnDD.DD,1A,4A,DODDDD,1A;'Phf= ';Pq:.'P
sill','Thf=Yhf;'R'
6780k INPUt *IS HEATER FUEL FLOW RATE ACCURATE ENOUCH? (Y/N)*,Xxi
6790 IF Xdz*Y* THEN COTO Phf fin
6610 PhfnePffMhfd ' Mf)-Pbar
6810 PRINT USING 'I- "DDDD DD 4A''RESET Ph f TO Phinew; 'Psi g
6020 DISP 'HIT CONTINUE AFTER RES~T OF PhIf'
6830 PAUSE
1,140 GOTO Phfset
6850 Phffin;!
6860 DISP 'HIT CONTINUE TO PROCEED TO NEXT FLOW RATE SET UP'
.1-11 PAUSE
lPSO Phfskip:
61195 PRI14T USINGc -@-
6';30 I NPUT 'DO YOU WANT TO PRESET THE HEATER OXYGEN FIOW RATE?(Y/N)4,Z7$
1910 IF Zzs='N' THEN C010 PhosklD

6930 PRINT 'SET THE DESIME VAI-1E OF Pho USING THE HAND LOADERI/PRESSLRE CiAE'
6940
69 50 DISP 'HIT CONTINUE WHEN READY'
6960 PAHUE
.S970 Phoset:1
69sa PRINT 'MANUA11Y TURN ON AIR 'HFATER GAS' SWITCH'
6990 DISP 'HIT CON4TINUE TO PROCEED'
71003 PAUSE
7010 Ou1TPUT 709;'AC4'
7020 O' rPUT 71,2'T3'
7030 ENTER 722-)pho
71040 OUTPUT 704-'ACI1'
7050 OUTPUT -722'T3"-
70LO ENTER 72,2;Vtho
7010 CLEAR 709 O
'7080 OUTPUT 709;'DCIO 0
7090 PRINT .'NUALLY fURN OFF AIR 'HEATER GAS' SVITCH'
7100 LEEP
7110 DISP *HIT C9NTINUE TO PROCEED'
712,0 PAUSE
7131 OUTPUT 709-1DO000'
7140 Pho:(VPho-VphoO)1Kpho+Pb-3r
7150 Volts=Vtho
160 GO-5LB Icaic

7170 Tho=T
7180 Mo= KoCiho#Phow,78j4o(Dhochoke"L2)/(Tho',5)
7190 PRINT USINC 'R'

7208 PRINT U3ING 'ADD''h~;h
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5900 IF Xx$='Y1 THEN G0TO Dtheffcalc
5910 Pinew=(Pa1Maird1Mmir)-Pbar
5920 PRINT 'RESET Pa TG''Pmnew'Psiq"
9130 DISP 'HIT CONTINUE AFTER RESET CF Pa

5940 PAUSE
5950 GOTO Paset
5960 DtheffcaIc: I CAtCLU ATE EFFECTIVE THROAT DIAMETER, CHARACTERIS
TIC EXHAUST VELOCITY THRUST BOTH THEORETICAL AND MFASURFD
5970 Cstar=(Cc*RairT1*((aM~aar+1)/2)((Gaaar+l)(aMalr-I))/GaaIr)A
.5
5980 Cfair=,7396+,5293-(14.,/Pc)
5990 Dtheffl(((Cstar*Mair)/(,7854*Pc*Gc))',5)
6000 PRINT 'Cstarair(BASED ON Ti)=;Cstar,'(ft/sec)'
601b PRINT "Cfair=' Cfair
6028 PRINT "Dtheff=4;Dtheff, '(n)'
6030 PRINT 'Pco= Pc ,'Psia'
6040 PRINT 'Ti=aT ' R'
6050 F=(Vf-Uf0)*f
6060 Fair=Cfair*Pc*.7854*(Dtheff42)
670 PRINT "Fair(BASED ON Pc)=* Fair,'(Lbf)'
6080 PRINT "Fair(MFASURED)=';F, (Lbf)'
6090 IF K=O THEN GOTO 6170
6100 INPUT 'DO YOU WANT PRINTOUT OF POST RUN DATA(Y/N)',Yy$
6110 IF Y;$='N" THEN COTO Finish
6128 Headincprint:
6130 PRINTER IS 701
6140 PRINT USING '6/'
6150 PRINT ' ***** POST RUN DATA COLD AIR, CHOKED *t'
61.) GOTO Preprint
6170 INPUT 'DO YOU WANT PRINTOUT OF PRE-RUN DATA?(Y/N)',Xx$
6180 IF Xx$='Y' THEN COTO Preorint
6190 GOTO Skipprint
6200 Preprint:
6510 PRINTER IS 701
6220 IF Ko=l THEN GOTO 6240
b 30 PRINT *' PRE-RUN DATA, USING COLD AIR ONLY ANn CHO
KED FLOU Ott"
b214 PRINT "
62o0 PRINT USING '12A 2X,8A "i'TEST DATE IS',Datei
61.0 PRIlT 'Cstarair(tASED ON Ti)=';Cstar, (ft sec)'
6L70 PRINT "Cfair=' Cfair
62fi0 PRINT theff=%Deff,(ln)"
6290 PR INT 'Pco='Pc'Psia'
6300 PRINT "Ti=' R'
6310 PRINT 'Fair(IASED ON Pc)=';Fair,'(Lbf)'
6.50 PRINT 'Fair(MEASUiED):' F ,(LbfS'
6.330 PRINT 'M4ir=*;Mair,'bm/sac'
6340 PRI41ER IS I
6350 IF Ko=1 THEN GOTO Finish
6360 Skioprint: i
6370 DISP 'HIT CONTINUE TO PROCEED TO NEXT FLOW RATE SET UP'
6380 PAUSE
6390 Pasklp I

6400 PRINT USING "@"
6410 INPUT '00 YOU WANT TO PRESET THE HEATER FUEL FLOW RATE! (Y/N)',Z2$
6420 IF Zz$='N' THEN GOTO Phfskio
6430
6440 PRINT 'SET IHE DESIRED VAlUE OF Phf IISING THE HAND I.OADER/PRESSURE GAGE"
6450
6400 OISP 'HIT CONTINUE WHEN READY'
6478 PAUSE
6480 Phfset:1
6491 PRINT USING '@"
6500 PRINT 'MANUAtLY TURN ON AIR 'HEATER GAS' SWITCH'
6510 DISP ' HIT CONTINUE TO PROCEED'
652 PAUSE
6530 OUTPUT 709;'AC3'
6540 OUTPUT 722;'13"
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5250 IF Zz$='Y' THEN GOTO Nochange
5260 Chnceyariable:l
52?0 PRINT 'INPUT VARIABLE NAE= CORRECTED Vl UE'
250 PRINT "A STRING YARIAEBLE MUST BE ENCLOSFD IN QUOTATION MARKS'

5290 DISP 'HIT EXECUTE AND THEN CONTINUE AFTER CORRECTION
5108 PAUSE
5310 COTO Changel
5320 Nocharqe:!
C -330
5,40 B. FLOW RATE SET-UPS
5350 I
5360 PRINT USING "@'
5370 INPUT 'DO YOU WANT TO PRESET THE AIR FLOW RATE?(Y/N)',Zz$
5380 IF Zz$="N" THEN GOTO P~sh~p
5390 PRINT *SET THE DESIRED VALUE OF Pa(psiq) USING THE HAND LOADER /PRESSURE C
ACE*
5400 PRINT USINC '3/'
5410 PRINT 'THE HAND LOADER SHOULD BE 20 PSIG MORE THAN DESIRED PRESSURE"
5420 Paset: !
5430 PRINT USING '31'
5440 PRINT 'MANUAllY INITIATE AIR FLOW BY TURNING 'MAIN AIR' TO 'ON' AND PU&HI
NO 'PRI' ON CONTROL PANEL"
5450 DISP 'HIT CONTINUE WHEN READY'
5460 PAUSE
5470 WAIT 3
5450 OUTPUT 709;'AC2"
5490 OUTPUT 72?,'T3
5505 ENTER 722-lipa
5510 OUTPUT 70 ;*AC9*"c52" OUTPUT 72 -T3

5j30 ENTER ?2Vta
!540 OUTPUT 70VYAC'"
5J5O OUTPUT 722;'T3"
5r. ENTER 722Q;c
5570 OUTPUT 709; AC8'
5)5,I OUTPUT 732-'T3'5590 ENTER 722'9 i

5603 OUTPUT 79;'AC5'
5610 OUTPUT 722'T3'
5820 ENTER 7.2; 0
5,10 CLEAR 709
'640 OUTPUT 709;"DCIC,1' DIGITALLY CLOSE CIRCUIT I
5650 WAIT I
5610 OUTPUT 709;D010,1' DIGITALLY OPEN CIRCUIT 1
5670 PEEP
5520 PRINT 'TURN OFF 'MAIN AIR"
5k90 DISP "HIT CONTINUE TO PROCEED'
570 PAUSF
57,0 Pa7(0pa-Upa0) Kpa+Pbar
5720 Pc=(Vpc-VpcO)*Kpc+Fbar
5730 Uots=Vta
5740 GOSUB calc CONVERSION FROM VOLTAGE TO TEMPERATURE
5750 Ta=T
5760 Volts=Vti
5770 GOSUB Tcalc COHERSION FROM VOLTAGE TO TEMPERATURE
5760 Ti=T
5790 Mair=Xmair*Cdair*Pa*,7854*(Dairchoke"2)/(Ta*,5)
550 PRINT USING '@'
5810 PRINT USING '5A,2X DDD D(DDDD''air=';Mair
5.12 PRINT ISING "14A,D6D-DDD';'Mair DESIRED=';Maird
5831 Ralii-Mair/Maird
5240 PRINT USING '2A ,D.DDD,2X,3A1 XDDDDD,IA,3X,3A,DDDDD,IA';'Mair/DESIRED 4;tr=';Rativ'Ta= ;a'R, TI= ;R
5i50 PrqPa-Pbar
5R60 PRINT USING '4A,DDDDD,4A';'Pa =';PQi'Psjo'
5870 PRINT USIN, '4A,DCDD DO IA' "Ta =' T""
5230 IF Ka:l THEN COTO Dtedca1c I DETERMINF PRE-RUN OR POST-RUN
Pf INPUT 'IS AIR FLOW RATE ACCURATE ENCUGH? (YIN)'Xx$

51



4680 INPUT 'THE AIR CHOKE DISCHARLGE COEFFICIENT' Cdair
4690 INPUT 'THE AIR HEATER FUEL CHOKE DISClHARGE 60FFFJCIENT' Cdhf
MOi INPUT 'THE AIR HEATER OXYGEN CHOKE DISFHARGE COEFFICIEN 'Cdho
418 INPUT 'THE IGNITION GAS CHOKE DISCHARGE COEFFICEN'Cdif
47^0 I NPUT 'THE PURCE GAi CHOKE DISCHA-RGE COEFFICIEN'T*Cdp
^I3 INPUT RTHE AIR HEATER FUEL FLOW RATE CONSTANTK hf',Kmhf

4740 INFUT 'THE ICNITIO.4 GAS FLOW RATE CONSTANT, Km1f',Km1f
4 7 50 INPUT 'THE PURCE GAS FLOW RATE CONSTANT, Xmo',Wmp
4760 INPUT 'GAtMA FOR HEATER FIJEL,Ganmohf'1Gammahf
4770 INPUT 'GAMMA FOR IGNITION FUEL, Cammaf',Gammaif

470 INPUT 'GAMM1A FOR PURCE GAS Cala'JMa
4798 INPUT 'GAS CONSTANT FOR HE4TER FUEL Rhf(ft lbf/Ihm.R)',Rhf
4000 INPUT 'GAS CONSTANT FOR IGNITION h(JLRif(6.1bi/Ibm.R) ,Rif
4810 INPUT 'GAS CONSTANT FOR PURGE GAS, pf~f1~R'R
482 INPUT "THE AIR CHOKE DIAMETER Dirchoke (in)',Davchoke
4830 INPUT 'THE HEATER FUEL CHOKE 6IAe ETER,Dhfuchke(in)'1 Dhfchoke
4840 INPUT 'THE IGNITION OXYGEN CHOKE DIA,1ETERDhtoxchie(in)' Dhochoke
4858 INPUT 'THF IGNITION FUEL CHOKE DIAMFTER Dianfuchoke(in)',6ifchokp
4806'0 INFUT 'THE PURGE CHOKE DIAMETER,DDUrl(edOke(in)',D.Pchke
4870 INPUT 'THE DESIRED MASS FLOW RATE OF:AIR jA3ird(1bm/sec)',Maird
48.50 INPUT 17THE DESIRED M;ASS FLOW RATE OF heater FUEL,Mhfd(Ibm/sec),ttfd
4890 INFUT 'THF DESIRED hASS FLOW RATE OF heater OXGNMo(b/sc' 11o
4M0 INPUT 'THlE DESIRED MASS FLOW RATE OF IGNITION FUELMfdflbs/se.)-,mifd
49181 INPUT 'THE DESIRED MASS FLOW RATE OF PURGEM,-d(1bm/sec',', Mpd
492a INFPUT 'THE INJECTION GASnj~cqa-,",Injec1q~s%
4 938
4944l! CHECK THE INPUT DATA i
4950 *am *w xkI t*I*.I*I w**unIi.
49' 10 Chancel:
4970 PRINT USING '@*
4980 PRINT USING 814A 9A~cX 14A 9A 5X 14A 9A,2X,l4ADDDD.DDDD';Tstn';TestIno

SDate='Ot$Feo$ ;Foe1i S Pbar=';Fbar
4008 PRINT USING '14A 9A, SX, 14A 9A 5X 14A I9A,5X14A9A';'Heaterfuel';Heaerfue
15,'IqnitionfuehI';Iiitionfuc-1S 'Purce oas=';Purrieras$
000 'PRINT USING 'I4A)DDDDDD.D6DD,5J,14ACDDD.DtDD,5X,14A)DDDD.DDDD' ;'Wtfi=' W
tFo '-D='Do, 'o=Lp
5010 PRI T UIN" 14A,DTDD.DDDD,5X,14A,DDDD.DDDD'.'D1:';D1 *Dth= Dth
51,20 PRINT USiNG *14AD Tv'bD DDTDD S,14A DDDDDD, XJ4A.DDbD.DDDD,2X,14ADDDDD
DD';;'Tna=;;Tra 'Tn='-Tmi Tmb='-Tmb 'ITnn'Th
5030 PRINT USIhG -14ADDf, i,1A5D~DD''arh 9?';Dairchoke,'Dhtfu
5~ke ' Dhfrhok@

0~40 PINT USING 'I4AAIDDD.DDDD,5X,14A)DBDD.DDDD';'Dhtoxchoke:';Dhochoke,'Ditnf
ur hoke=' DifPchoke
5650 P~iNT USING 'l4A IDDDD,DDD7;Purqchoke'-Dpchoke
5063 PRINT USING '14ADDDD.DDDO , X 14A,DDDD. DDD6, X ,14A ,D0DD,DDDD;'Cuair=';Cda
ir,'Cdh=;'CIf 'Cdho=*;Cdho
50o0 PR I UctN '14A DDDDDDDD ix 14A DDP.DnDD, 'Cdn= Cdn 'Cdifz' CdJ
5030 PRINT USINGC '14A,DDOD.DD5X,14A DDDDDDDD x 14A~I DD;Ch:
Ammatf 'amma I =; Ga~maof
5090 0R"NT USING '14A,DDDDDDDD'Gamma'Gaqp
5100 PRINT USING '14A,DDDD.DDDD,SX,14A,DDD6.DDD'D15X,14A,DDDDDDDD';'Rhf='-,R'F,'

5110 PRIAT USING '14A,DDDD.DDDD,5X,14A,DDDD.DDDD,5X,14A,DDDD.DDDD'; 'K~hf=' ;V4f

~10P;INT UtING 'iSA )DDDD.DDDD,5X,14A,DDDD.DDDD'; 'Khe=' Ki~hO 'iar=' Km~i-
30 PRINT USING '14A,DDDD.DDD5X,14ADDDD DDD -hird= -aor *Tid=*:id

5145 PRINT USING *14ADDDD.DDDD 5X 14A DBDD.DD X1AD6,DD,1,4,b -1
DDD';'MIhfd:''Mhfd *Mh od= 'Mhod,* 'i f dz ;;1f d, 4 pdPNp d D D, DDxsDI
5150 PRINT 0INJEdTInN CAb IS*'InjeC1QaSS

5170 !v VARIABLE CORRECTON

5195 PRINT USING '4/'
5280 PRINT 'CHECK ALL VALUES'
518 DISP 'HIT 'CONTINUE' TO PROCEED TO CORRECTION OR NEXT SUBROUTINE'

1-20 PAUSE
720 1I"PUT 'VARIABLE 0K7 (YIN)',Zi$

I240 IF ZzS=*N' THEN GT Chinqewaiable
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4000 KX=Ppma/(ppmax-npo)
4010 PRINT "Xpp=';Rpp

4020 PEEP
4010 INPUT 'READING GKI (Y/I)',77$
4040 IF Zz$='N' THEN GOTO Ppmaxcal
40'0 Fcal: I
4050 IF Ff=O. THEN GOTO Endcal
4070 I*** ~ * ~*U ~* *~ ***~~
4080 PRINT '*jCALISRATION OF F, THE THRIJST STAND LOAD CELL**'
4090
4100 FOcal: I
4111 PRINT "****ZERO CALISRATION *I*'
4120 PRINT 'INSURE THAT THE 'ZERO' TARE WETGHT IS ON THE TRAY'
4130 DISP 'HIT CONTINUE WHEN READY*
4143- PAUSE
4150 REMOTE 709
4160 OUTPUT ?O9;'AC5'
4170 OUTPUT 722'T3'
4180 FNTER 722;Of0
4190 PRINT "Vfd='VfO
4200 INPUT 'READING OK? (Y/N)" Zz$
4210 IF Zz$='N" THEN GOTO FOcaL
4 10 Fmaxral:
4230 PRINT USING *@I
4240 FRINT '*vCPI IBRATIONM*x•
4250 PRINT 'APPLY MAXIMUM WEIGHT TO THE TRAY'
4260 INUT 'ENTER THE MAXIhUM WEIGHT IN LBS',Fmax
4271 DISP 'HIT CONTINUE WHEN READY'
4280 P AUSE
4290 RFMOTE 709
4300 OUTPUT 709;'AC5"
4310 ONTPUT 722;'T3'
4320 ENTER 722;4fax
4330 PRINT 'Vf~xm=aVfmax,'Fmax=';Fax
4340 Kf=Fva%/(tjfmax-vf- )
4350 PRINT 'Kf=';Kf
4360 BEEP
4370 INPUT "READING OK? (Y/N)',Zz$
4360 IF Zi$:'N' THEN GOTO Fmaxcal
4390 Endcal:
4400 PRINT 'THIS ENDS THE CAIIBRATIONS
4410
4420 )(3) PRE-RUN INPUTS, FLOW RATE SET-UP
4430 ! M
4440 !A. PRE-RUN INPUTS

4460 Inoutvariitles:
4470 INPUT 'DO YOU WANT TO INPUT NEW VARIABLES (Y/N)',YY$
4480 IF Yvy$'N" THEN GOTO Nochanqe
4490 PRINT 'INPUT THE FOLLOWING TEST VARIARIES'
4500 PRINT 'STRING VARIABLES MUST BE ENLOSED IN QUOTATION MARKS'
4510 INPUT 'THE TEST IDENTIFICATION NUMBER A STRING VARIABIE',Testno$
4520 INPUT 'TODAY'S DATE AS MO.DAY.YEARA STRING VARIABLE ,Date$
4530 INPUT 'THE BAROMETRIC PRESSURE' Pbar
4540 INPUT 'THE FUEL IDENTIFICATION,h STRING VARIABIE 'Fielid$
4550 INPUT 'THE AIR HEATER FUEL TYPE A STRING VARIABLE Heaterfue$
4560 INPUT 'THE SFRJ IGNITION FUEL TPE,A STRING VARIABLE Ionitionfuel$
4570 INPUT 'THE PURGE GAS TYPE A STRING VARIABLE '.Purqeqas"
4590 INPUT 'THE INITIAL FUEL GRAIN WEIGHT (LPM)'lWifi
4590 INPUT 'THE INITIAL FUEL GRAIN INTERNAL DIAMETER (IN)',Dp
4600 INPUT 'THE INITIAL FUEL GRAIN lENGTH (IN)',Lp
4610 INPUT 'THE AIR INiET DIAMETER (IN)' Di
4620 INPUT 'THE MOTOR THROAT DIAMETER (I)' Dth
4630 INPUT 'THE DESIRiO AIR INLET TFM ERATIR (R)',Tid
4640 INPUT "THE DESIRED IGNITION DELAY TIME (SEC)',TMa
4650 INPUT 'THF DESIRED IGNITIQN TIAE (SEC)',Ti
4660 INPUT 'THE rESIRED BURN TIME (SEC)',Tmb
4670 INPUT 'THE DESIRED PURGE TIME (SEC)',Tho

49

LL.
• •° " ." " " ". " "" ." ". -' " -" -" -" -" - . "• " . - -"- - " ° - " "" . ' " " . Z , . ". " " " , . .- ., "- . , .



3320 ENTFR 722-,Vphoax
3330 PRINT 'UphoMax=';Vphomax,'PhoMax=';Phomax
3346 Kho=Phomax/(Vp hona-VphoO)
33'0 PRINT 'Kpho=';Kpho
3360 BEEP3370 INPUT 'READING Oki (Y/N)' Zz$

3380 IF ZzS'N' THEN GOTO Phomaxcal
3390 Pifcal:!

3410 PRINT '**CALIBRATION OF Pif, THE SFRI IGNITION FUF. PRESSURE TRANPl)UCER**'

W43 PifOcal:

3440 PRINT '***ZERO CALIPRATION~*w*
3450 PRINT 'INSURE THAT NO PRFSSURE IS APPLIED TO THE TRANSDUCER"
3460 DISP *HIT CONTINUE WHEN READY'
3470 PAUSE
3480 REMOTE 709

49 OUTPUT 709-'AC61
3500 OUTPUT 722-'T3'
3510 ENTER ,22;UpifO
3510 PRINT "VUif =' !.iFO
3538 INPUT 'RtADING o? (YIN)' Zz$
3540 IF Zz$='N' THEN COTO Pif0cal
3 ,5 Pifmaical:
3560 PRINT USING 4-"
3570 PRINT '****CALIBRATION****"

7!!4 PRINT *APPLY THE MAXIM1IK PRFcSURE USING DEAD-WEIGHT TESTER',,j90 INPUT *ENTER THE MAXIMUM PRESSURE IN psig',Pifmax
3600 DISP 'HIT CONTINUE WHEN READY*

" h1 0 PAUSE
3620 REMOTE 709
3630 OUTPUT 709;'AC6"
3,40 OUTPUT 722!'T3'
350 EHIER 722;(pifmax
3668 PRINT "Vpifmax=':Vpifnax 'Pifmax=';Pifmax
i 70 KpifPifmax/(Vpl al-VpiO)
3680 PRINT 't .f'Kpif
3690 EEP
3700 INPUT 'READING OK? (Y/N)',Zz$
3710 IF Zz$:'N' THEN COTO Pifmaical
3720 Ppcal:
3730
3740 PRINT 'm*CALIBRATION OF Pp, THE SFRJ PURGE GAS PRESSURE TRANSDUCER*fK'

3 3760 PoOral:
37? PRINT 'it"ZERO CAt IBRATION**'
370 PRINT "INSURE THAT NO PRESSORE IS APPLIED TO THE TRANSDUCER"
3790 DISP 'HIT CONTINUE WHEN READY'
3iO0 PAUSE
3810 REMOTE 709
3920 OUTPUT 709;'AC7'
3,30 OUTPUT 722;'T3'
2840 ENTER 722;VppO
38S8 PRINT 'VppO= VppG
39c)0 INPUT 'READING OX' (Y/N)' Zz$
3871 IF Zz$='N' THEN COTO POcal
3891 Prmaxcal:
3P90 PRINT USING '@'
3900 PRINT 'm*ICALIDRATION*x*"
3910 PRINT 'APPLY THE MAXIMUM PRESSURE USING DFAD-WEIGHT TESTER'
3920 INPUT 'ENTER THE MAXIMUM PRESSURE IN psig',Ppmaz
3930 DISP 'HIT CONTINUE WHEN RFADY'
3q40 PAUSE
3950 REMOTE 709
3760 OUTPUT 709;'AC7'
3970 OuTPUT 722;'T3'
3980 ENTER 722;Opp~at
390 PRINT "Voomax=';Vpnmax,'Ppmax=';PoMax
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2640 WATT 2
2650 OUTPUT 722 'T3*
2660 ENTER 722;,phmax

I 2170 PRINT 'lph ax=';Vph~aAl'Phma='zPamax
S2,S 0 K ohPha ix / (Vph a x-Vph 0
2690 PRINT 'Kph=';Kph
'.2700 BEEP

2710 INPUT 'READING OKV (Y/N)',Zz$
2720 IF Zz$='N' THEN GOTO Phmaxcal
2730 PhfcaI:!

2750 PRINT '**CALIBRATION OF Phf, THE AIR HEATER FUEL PRESSURE T;AN DUrFR*l"

2770 PhflcaI:
20 PRINT '%*.lZERO CALIBRATIONw**m
2790 PRINT 'INSURE THAT NO PRESSURE IS APPLIED TO THE TRANSDUCER'
2900 DISP 'HIT CONTINUE WHEN READY'
2910 PAUSE
2920 REMOTE 709
2830 OUTPUT 709-OA3"
2840 OUTPUT 722!T3'
285 0 ENTER 722;,hf0
2060 PRINT 'Vph f0 '=)phF0
270 INPUT 'READING O ? (Y/N)',Zz$
28ao IF Zzs='N' THEN GOTO PhfOcal
2895 Phf~axcal:
2900 PRINT USING '9"
2910 PRINT 'i**CAL.IBRATTON****'
2921 PRINT 'APPLY THE MAXIhUM PRESSURE USING DEAD-WEIGHT TESTER'
2930 INPUT 'ENTER THE MAXIMUM PRESSURE IN psig',Phfmax
2940 DISP 'HIT CONTINUE WHEN READY'2950 PAUSE

29'0 REMOTE 709
2970 OUTPUT 709;'AC3'
2980 OUTPUT 722-'T3"
2990 ENTER 722;Jphfmax
3000 PRINT 'VphfMaX= .phfiax 'Pbf~aX=l,PhM aX

3010 KphF=Phfmax/(Vphtma x-Vphfo)
3020 PRINT 'Kphf:';K phf
3030 BEEP
3040 INPUT 'READING OK? (Y/N)',Zz$
30%0 IF Zz$='N' THEN GOTO Phfmatcal
3060 Phocal:!
3070 *
3080 PRINT "**CALIBRATION OF Pho, THE AIR HEATER OXYGEN PRESSURE TRANSDUCERlx'

3100 Pho0cal:
3110 PRINT *m*ZERO CAl IBRATION****'
3120 PRINT 'INSURE THAT NO PRESSURE IS APPLIED TO THE TRANSDUCER'
3130 DISP 'HIT CONTINUE WHEN READY'
3140 PAJIE
3150 REMOTE 709
3160 OUTPUT 709;'AC4'
3170 OUTPUT 722-'T3'
3180 ENTER 722;p hoO
3190 PRINT 'Vph=' 4phoo
3200 INPUT 'READING nk7 (Y/N),Z$
•210 IF Zz$='N' THEN GOTO PhoOcal
3220 Phomalcal:

I' 3230 PRINT USING '@"
3240 PRINT "*xfVCALIBRATION##*.*'
320 PRINT 'APPLY THE MAXIMUM PRESSURE USING DEAD-WEIGHT TESTER'
3260 INPUT 'ENTER THE MAXIMUM PRESSURE IN psiq',Phomax
3270 DISP 'HIT CONTINUE WHEN READY'
3290 PAUSE
3290 REMOTE 709
3300 OUTPUT 709-'AC4'

. 3310 OUTPUT 722;.T3'
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1960 Knaz(Pa8ax)/(V amax-VpaO)
1970 PRINT 'Kpa= ';ipa
1980 BEEP
1990 INPUT 'READIG O? (Y/N)',Zz$
2000 IF Zz$='N' THEN GOTO Pamax'ca!
2010 Pccal:!

20 30 PRINT **CALIPRATION OF Pc, THE SFRJ MOTOR CHAMBER PRESSURE TRANSDUCER**"
2040
2050 PcOcal:
2065 PRINT s"*i ZERO PRESSURE mhe'
20?0 PRINT 'INSURE THAT NO PRESSURE IS APPLIED TO THE TRANSDUCER'
2080 DISP *HIT CONTINUE WHEN READY'
2090 PAUSE
2100 REMOTE 709
2110 OUTPUT 709;'ACO'
2120 WAIT 2
2130 OUTPUT 722;'T3'2140 ENTER 722;Vpc0
2150 PRINT 'VpcO=';VpcO
2160 FEP
2170 INPUT 'READING OKI (YiN)'Zz$
2180 IF Zz$='N' THEN COTO PcOcal
2190 Pcmaxca:
2200 PRINT USING "@
2010 PRINT I*** CALIBRATION ****'
21 0 PRINT 'APPLY THE MAXIHMU PRFSSURE USING DEAD-WEIGHT TESTER'
2230 INPUT 'ENTFR THF MAXIMUM PRFSSURE IN psiq',Pcmax
2240 DISP 'HIT CONTINUE WHEN READY'
2259 PAUSE
2264 RE-4OTE 709
2270 OUTPUT 709i'ACS'
2280 WAIT 2
2290 OUTPUT 722;'T3'
2300 ENTER 722;vpcmax
2310 PRINT 'Upcmax=';UJDcMax 'Pcmax=';Pcmax
272!2 Koc=Pcmax/(Ucmax-pcOi
2330 PRINT "Kpc= ;Kpc
2340 BEEP
2350 INPUT 'READING OV (Y/N)',Zz$
230 IF Z$='N' THEN GOTO Pchaxcal
2370 Phcal:!

2390 PRINT '*,CALIBRATION OF Ph, THE SFRJ MOTOR HEAD-END PRES&IRE TRAtVDlICE1'0'

2410 PhOcal:
21420 PRINT "**ZERO PRFSSUREi***"
2430 PRINT 'INSORE THAT NO PRESSURE IS APPLIED TO THE TRANSDUCER'
2449 DTSP "HIT CONTINUE WHEN READY'
24,0 PAUSE
2460 REMOTE 709
2470 OUTPUT 709;'ACi'
2480 WAIT 2
2496 OUTPUT 722;'T3"
2540 ENTER 722;VphO
2JI0 PRINT 'VphO=';VphO
2520 EFEP
2530 INPUT 'READING OK? (Y/N)' Zz$
2540 IF Zz$='N' THEN GOTO PhOcaf
2550 Phmaical:

. 256,0 PRINT USING "@'
2570 PRINT '***CALIBRATION***'
2530 DISP "APPLY THE MAXIMUh PRESSURE UMING DEAD-WEIGHT TESTER'
1591 INPUT 'ENTER THE MAXIMUM PRESSURE IN Psig',PhMax
2600 DISP 'HIT CONITINILE WHEN READY'
2610 PAUSE
2 6 20 REMOTE 709
2630 OUTPUT 709:'ACI"
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211 I':c-1O A'lD Volts(.00S31 THEN T=((Vo1ts-,00609)/.Dn00?2

P60 1 1L 0 I31 ANJD Vp Its(.8 11056 THFN T= ( (V~o I-. 00811)/0 0 T?

11-70 IF '1 ,,.01115S AND Volt;(.1123 5 THEN T:UlVolts-0056)/,0P,0022
9)4403
1300 IF Volts)=,01285 AND Volts(,01518 THEN T=((Vohts-.01205)/,0000233

1190 IF Volts)=.01519 AND Volis(.01752 THEN Th((Volts-.01518)/,010023

1160IF "olt0)=.01752 AND Volts(.01908 THEN T=((Volts-.01752)/.0I10023
6)+1760
1410 IF Vlts).6l980 AND Uolis(.8?225 THEN T:((VoIis-.D1988)/.000523

1420 IF Vilts).02225 THEN COTO Toohigh
1410 IETURN

14940N TEPRTR SET AT 1461 R'

U40'A

I t,". AP 72; PLJRFSTRANlO I4OX1' AO 10E READN ERL FOGR N STO01RE

P57 RINjT EE* CmtLIPATIO P, T HECF NAI SOUIC BIFi PRIED SUR E T HISE
1b90 L P~cal: I
1700 PRINT PC* PhERO Ph hESUR Pa, F

1710 P FiNTWIN TWA O L ES E IT APPLID TO? THE DTRANAQSIUER
17!0 ISR 7HIT COTIUE ERADY9TO DTAZR AQEADIIONG'N UI

174G RF410TE 709 MK 47 NTT EOEMD
17540 OUTP'UT 709lAlhlC2' u~l4Ql ! 10R CHANNEL PE2RGE N TR
160 p.aI ,
1L70 PUTPUT 4* CIS'T3 N IFMITE SIG TRNICGGER PESRETASDCR
1780 ETR72~o0 IRA OTG
1790 PRoINT"'a0'Va
1700 BPO7ER PRESSURE
1810 PINT 'RINGET NO PRSSREI/APLE T TEZRNSUCR
17110 DIPOI Z NTENU WHEN PjFAlYT AEZEORAIG
1830 P nxA1 US
1840 PRIT USN709'lARSRE
18750 OURINT 709;*C AQ IRE CA TINNL
1860 J,'.I T '2~YMXMMPESR SN EDA-EG4 ETR

*1770 DTP 'T 721TINU NIT READ ETRIGE
1 ETE 79

*19180 OUTUT 0 REA COTAG
190 PAIT 2 Ia='Va
1910 INPUT 7;ET3c0 (/),z

1840 ERNT USIN 0@ ClEa SazE
1950 PRINT #4a*9*';CJA L 1 8PR A T ;I I N
I PN AP- STL4PESREUICI(DA-1C1 ETR

187 !** - II.U - *-TF x.',2. .X MAXI' FR SS R IN -sg ,
IP9 DS 'HI COTIU WHN EAY
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690 I Tia TIME BETWEEN SFRJ AIR FLOW AND IGNITION, sec
700 1mb BURN TIME AFTER Tmi sec
710 I Tsi IGNITION DURATION AFER Tma, sec
0729 TAD P11RrE DURATION AFTER Tmb, sec

730 Tp TEMPERATURE, PURrE rAS SONIC CHOKE, R
740 'Wfi INITIAL FUEL GRAIN WEIGHT, LbM
750

760
770 BEEP 1000 .1

780 PRINT USIN790 PRINT USING m6/'
B5D PRINT "1.2 Volts MAXIMUM into Acquisition System!Il'

810 THE RECORDED VARIABLES (VOLTAGES) AND LOCATIONS ARE:
82 (NOTE: THE MAXIMUM ALLOWABLE VOLTAGE INTO THE SYSTEM IS 1.2 VOLTS)
830
840 VARIABLE 3497 DACU SCANNER NUMBER 0
850861 ! a L Z.. . . . .. . . . .

870 Pc 0
89'0 Phf
890 Phf
900 ! Pho 4
910 I Pif 6
920 !Pp 7
930 ! F 5
940 'la 9
050 I Thf 10
961 Tho 11
970 ITi 8
983 I Tif 12
990 Tp 13
10001910

1020 'ALL FLOW RATES ARE CALCULATED USING THE ONE-DIWENSIONAL ISENTROPIC
1.30 IFLOU EXPR E IONS WITH FIXED PROPERTIES, 5MALL SIPNIC NOZhIES HAS
1040 MFASURED DISCHARGE CPFFFICIENTS. THE AIR FLOW NOZZLE USES AN ASSUMED
105 !DISCHARGE CnEFFICIENT (Ca) OF 4.97.

1070 !M (LBM/SEC)=Cd*P*AkKM/T'.5
1080 !
1090 !Km IS THE GAS-DEPENDENT SONIC CHOKE FLOW RATE CONSTANT
1100iII KM=S0R((GaM~a*Gc/R)w(2/(Gan~a+I )P)*((GaM~a+l)/(Gana-l)))

1120 I
1130 1 APPPOPRIATE CONSTANTS ARE:
1140
1150 GAS MOLECULAR WT, GAS CONST. CP GAMMA KM
1110
1170 I AIR 29.0 53.3 .240 1.40 .031
1180 02 32.0 48.3 ,217 1.41 .5,89
1190 CH4 16.03 9L.4 .593 1.32 .387b
1200 C r2H4 28.03 55.1 .400 1,22 .4985
1210 I ARGON 39,9 38.7 .124 1.67 .6626

1230 !ALL THERMOCOUPLES USED ARE CHROMEL vs AIUMEL (TYPE K) WITH
1240 'EIECTRONIC ICE POINTS, TEMPERATURE READINGS (VOLTAGES) ARE
12S0 !CONVERTED TO DECREES RANKINE (R) PER INDUSTRIAt INSTRUMENTATION' BY
12L0 !D.P, ECKMAN (PACE 369), THIS CALCUI ATION IS PERFORMED IN SURROUTINE
1270 'Tcalr. TEN VOLTAGE INTERJALS ARE USED BEIWEEN 460 AND 140 R,
1280 Gc=32.174
1290 Ko=0 i PIST RUN CONTROL FLAG

S13+j0 01GOT Transcal
1315 Tcalc:
I I -0 IF Volts(.00153 THFN T=((Volts+,00O68)/.0000220)+460
1330 IF Volts)=,00153 AND Volts(.003a2 THFN T:(lVolts-.Oh153)/,00I33
0)+560

1340 IF Volts)=,00382 AND Yolis(.00M99 THEN T=((Volts-,O0382)/.000O2
7,+660
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APPENDIX A

COMPUTER PROGRAM FOR EXPERIMENT CONTROL AND DATA REDUCTION

10 !SFRJTEST
20 !SOLID FUEL RAMJET DATA ACQUISITION AND DATA REDUCTION PROGRAM,
30 !THIS PROGRAM IS DIVIDED INTO FIVE PARTS:
40 (1) VARIABLE DEFINITIONS AND NOMENCLATURE
50 (2) TRANSDUCER CALIBRATIONS
60 (3) PRE-RUN INPUTS,FLOW SET-UPS
70 (4) THE TEST SEQUENCE AND DATA COLLECTION
80 (5) POST-RUN OPERATIONS

100 !(1) VARIABLE DEFINITIONS AND NOMENCLATURE
110 !

* 120 SYMBOL DEFINITION
130 A ANALOG CHANNEL NUMBER
140 Cair DISCHARGE COEFFICIENT, IR SONIC CHOKE
150 Cdhf DISCHARGE COEFFICIENT, HEATER FUEL SONIC CHOKE
160 Cdho DISCHARGE COEFFICIENT', OXYGEN MAKE-UP SONIC CHOKE
170 Cdif DISCHARGE COEFFICIENT, IGNITION FUEL SONIC CHOKE
180 ! Cdo DISCHARGE COEFFICIENT, PURGE GAS SONIC CHOKE
190 Cf THRUST COEFFICIENT
200 Cstarth THEORETICAL Cl, FT/SEC
210 I Cstarair C* FOR AIR FLOW BASED ON Dtheff
220 Dairchoke AIR SONIC CHOKE DIAMETER
235 DaieS Test Date lo-Day-Yr
240 Dhfchoke AIR HEATER FUEL SONIC CHOKE DIAMETER
250 D Dhochoke OXYGEN MAKE-UP SONIC CHOKE DIAMETER
260 i Di MOTOR INLET DIAMTER, IN,
270 I Difchoke IGNITION FUEL SONIC CHOKE DIAMETER
280 Do MOTOR FUEL PORT DIAMETER,IN.
290 I Dochoke PURGE GAS SONIC CHOKE DIAMETER
300 Dth MOTOR EXHAUST NOZZLE THROAT DIAMETER,IN.
310 Dtheff EFFECTIVE THROAT DIAMETER,IN.
320 F THRUST
330 FuelidS FUEL IDENTIFICATION
340 C Cc GRAVITATIONAL CONSTANT (32,174)
350 Heaterfuel$ FUEL IDENTIFICATION
360 I lanitionfuel$ SFRJ IGNITION FUEL ID
370 Kiair AIR SONIC CHOKE FLOW RATE CONSTANT
380 Kmhf HEATER FUEL SONIC CHOXE rLOW RATE CONSTANT
390 Kmho OXYGEN MAKE-UP SONIC CHOKE FLOW RATE CONSTANT
400 X Xmif IGNITION FJEL SONIC CHOKE ,LOW RATE CONSTANT
410 KNO PURGE GAS SONIC CHOKE FLOW RATE CONSTANT
420 Lo FUEL GRAIN LENGTH, IN,
430 Mair AIR FLOW RATE, LBM/EC
440 Maird DESIRED AIR FLOW RATE, Lbm/sec
450 I Mhf HEATER FUEL FLOW RATE Lbm/sec
460 Mhfd DESIRED HEATER FUEL FCW RATE Lbe/sec
470 Mho HEATER OXYGEN FLOW RATE, Lbm/sec
480 I Mhod DESIRED HEATER OXYGEN FLOW RATE, Lbmisec
490 Mif IGNITION FUEL FLOW RATE, Lbo/sec
500 I Mifd DESIRED IGNITION FUEL FLOW RATE, Lbm/sec
510 M PURGE GAS FLOW RATE Lboisec
520 Mod DESIRED PURGE GAS ikOW QATE. Lbmisec
530 Pa PRESSURE. AIR SONIC CHOKE, Psia
540 I Pbar BAROMETRIC ?9ESSURE, Psia
550 I PC PRESSURE, CHAMBER, Psia
560 I Ph PRESSURE, AOTOR EAD-ND. Psia
570 i Phf PRESSURE, HEATER FUEL SONIC CHOKE. Psia
580 Pho PRESSURE, HEATER OXYCEN SONIC -H.4KE, Psia
590 1Pif PRESSURE, IGNITION FUEL SONIC CHOKE, Psia
600 Po PRESSURE, PURGE ;AS SONIC CHOKE, Psa
610 PuroeasS PURGE GAS 1.
620 Ta TEMPERATURE, AIR SONIC CHOKE, R
630 Testno$ TEST I, 40.
640 Thf TEMPERATURE, HATER :UEL SONIC "HfKE, R
650 Tho TEMPERATURE, OXXYEN 9E-JP 'CNIC CHOKE, I
660 I Ti TEMPERATURE, 4T7 AIR lINLET,
670 T Tid TEMPERATURE, DES17ED .OTCR AIR INLET R
680 Tif TEMPERATURE. IGNITI:N PUEL SONIC HOKE, R

4 3
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VI. CONCLUSIONS AND RECOMMENDATIONS

Additional tests using fuel-wall and step face

injection of oxygen, gaseous fuel and/or heated air should

be conducted to verify the initial results found in this

investigation. However, the initial data from this

investigation indicates that gaseous injection is not a

viable tecnique for fuel regression rate control.

Fuel regression rate was found to be quite sensitive to

small amounts of inlet air swirl without large changes in

combustion efficiency. Additional testing is recommended.

S

S
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7210 PRINT USING '11A,DD.D!DDD';'Mairinject=';Mho
7220 PRINT USING '18Afl0.DDDDD ;'Mho DESlRED'liNnod
7,30 Rati o~th a/Mhod
7240 PRINT USING '33A, DDDD.DDDD,'3X,4ADDDDDD,IA';'Nho/Mho DESTRED='.Rjj
io.'Tho=8;Tho'.Rs
72 0'P 0 %Pho-Pbar
7260 RINT US ING '5A,DDDD.DD,IX,5A,5X,4A,DDDD,DD,1X,2A';'Pho:';Pg; 'Psiq'

1270 INPUT *IS THE NEATER OXYGEN FlOW RATE ENOUGH? (Y/N)?7,Xx$
7280 IF Xx$=Y' THEN GOTO Phofin
72'190 Phonew=(?ha*4lhod/MQho)-Fbar
7300 PRINT USING '14A,DDDD DD IX 4A'-'RESET Ph. TO ';Phonpw;'Psig'
7310 DISP 'NIT CONTINUE AFiER RESET 6F Pho'
7326 PAUSE
733-0 GOTO Phoset
7340 Phofin:!
7350 DISP 'HIT CONTINUE TO PROCEED TO NEXT FLOW RATE SET liP'
736-0 PAUSE
737 Phosk Ip7380 PRINT USING '9'
77,90 INPUT 'DO YOU WANT TO PRESET ThE IGNITION FUEL. FLOW RATE7(Y/N)',Zi$
7 400 IF Zz$='N' THEN COTO Pifskip
7410
74210 PRINT ' SET THE DESIRED VALUE OF Pif IISING THE HAND LhADER/PRESSPRE [ACE,
7430
7440 DISP 'HIT CONTINUE WHEN RE ADY'
7450 PAUSE
7460 Pifset:!
7470 PRINT 'MANUALLY TURN ON 'ICN, GAS 'SWITCH'

7480 DISP -HIT CONTINUE WHEN READY'
7495 PAUSE 797500 OUTPUT I09'AC6"
7510 4AIT I
7 520 OUTPUT 722- 'T3'
7533 ENTER 722,41f
7548 OUTPUT 704,-ACl2'
7550j OUTPUT 712,'T31
,560 ENTER 722;6iif
757q BEEP
7580 PRINT 'MANUALLY TURN OFF 'IGN GAS' SWITCH'
7590 DISP *HIT CONTINIUE TO PROCEED"
7600 PAUSE
7610 Fif=(Qtif-VpifO)tKpif+Pbar
7620 1 olts=Iti f
7630 GOSUB Tcalc
7640 Tif=T
76'10 Mi~mf~i*i*7r4*Dfhk')(i'5
I hQO PRINT USING '"V
7670 PRINT USING *4A DO DDD00' Mif' hif
7,580 PRINT USING '15~iDbDDDDD';'Mif bE5IRED=-;Iifd
7690 Ralio=Mif/Nifd
7700 PRINT USING 'I7A,D.DDD,3X,4ADDDD.DDD,1A';'Mif/lif DESIRED=';Ralio,'Tif='

7720 PITUSING '4A,DDDD.DD,1X,4A,5X,4A;DBDDDD,1X,1A';'Pif=';Pq;'Pisq';'Tif=
A;Tif;*R*
7730 INPUT 'IS THE SFRT IGNITION FUEL FLOW RATE ACCURATE ENOUCHI (Y/N)I,Xx$
7740 IF XxS='Y' THEN GOTO Piffin
7750 Pifnew=(Pif#MifJ/Mif)-Phar
7'760 PRINT UISING '12ADDD,lX 4A'RESET Pif TO*;Pifnew;1Psiq'
7778 DISP 'HIT CONTINUE AFTER RE ET 6F Pif'
7780 PAUSE
7790 COTO Pifsel
7800 Piffin:!
7810 DISP 'NIT CONTINUE TO PROCEED TO NEXT FLOW RATE SET UP"
7820 PAUSE
7830 Pifskin:
7840 PRINT USING @@4
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7850 INPUT 'DO YOU WANT TO PRESET THE PURGE FLOW RATE? (Y/N)',Zz$
7810 IF Zzs='N' THEN GOTO Ppskip

7 30 PRINT 'SET THE DESIERD VALE OF PD USING TH HANDLOAOER/PRESSJRE GAGE"

7980 DISP 'HIT CONTINUE WHEN READY'
7910 PAUSE
7920 Ppset:!
7930 CLEAR 709
7940 OUTPUT 759;'DCIO,I'
7950 WAIT 2
7964 OUTPUT 709)'AC7'
7970 OUTPUT 722;'T3'
7983 ENTER 722'Vvn
7790 OUTPUT 70; AC13'
800 OUTPUT 7 22-'73
8010 ENTER 722: T
820 OUTPUT 7C9, 661.
8030 Pp=(V p-Vpp0)4Kpp+Pbar
RC44 VolIs:Jtp
8050 GOSU Tcalcti TD=T8070 P=Ip*Cdp*Pp*,7854*(DpchokeA2)/(TpA,5)

808 PR IT USING "@"
8090 PRINT USING '3A,DD,DDDDD''p='Mp
8!06 PRINT USING "13A ,DDDD0D ; p bESIRED=';Mpd
8110 Ratio=Mp/Mpd
8123 PRIN T USING '16A,D.DD,3X,39.,DDDD.DD,lA';'Mp/Mp DESIRED =';Ratio,'Tp=* Tp

g130 BEEP
8140 P =Pp-Pbl r
850 PR INT USING "3AD DD,DD,IX,4A,3X,4A,DiDD,DD,IX,IA';'Pp=' Pq;*Psia', Tp=a
Tp;'R'
S INPUT 'IS THE PURGE GAS FLOW RATE ACCURATE ENOUGH? (1/N)',Xx$

8170 IF Xx$='Y" THEN GOUI Ppfin

8190 PRINT USING '6ADDDD,1X 4A''RESET Pp TO';Ppnew;'Psiq'
8 00 DISP "HIT CONTINUE AFiER RESET bF Pp
8210 PAUSE
8 22 GOTO Ppsel
8230 Ppfin:
8240 Ppskip:
825 PRINT 'THIS COMPLETES PRE-RUN SET-UP'

270 (4) THIS PORTION OF THE PROGRAM RUNIS THE TEST AND COtLECTS THE DATA

8 80 PRINT USING 'P"
8 10 DISP 'SET TIMEDATE BY PRESSING K19 AND UPDATE, THEN EXECUTE, THEN HIT CON
TINUE"
8320 BEEP
8330 PAUSE
8340 CLEAR 709
8350 CLEAP 722
83.0 1 THE FOLLOWING PROGRAMS THE 3456A DVM
8370 OUTPUT 722:'LIZOGOF10STDP0FLOR3,10STIlSTNO0T4QXII
8]0 PRINT 'THE DESIRED RUN TIMES AND DELAYS NOW BE INPUTO
8390 INPUT 'ENTER Tma,Tm1,Tmb,Tmp SEPARATED BY COMMA,THEN HIT CPNTIUE',Tma,TM1
Tmb,Tnp6440 T shuT=Tma+Tmi+Tmb+Tp+i ONE MORE SECOND FOR TAIL PART READING

8410 T4=Tma+Tmi
8420 TS=T4+Tmb
8430 Tb=TS+Tm
8440 OPTION BASE I
8450 DIM In(600,14) STORAGE DEFINITION

8470 A=1 CONTROL FLAGS
8430 A1=6
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8490 A2=0
8500 A3=0
8510 A4=0
"50 V 14=6
8530 PRINT USING '@*
8 '40 DISP OTO INITIATE RUN PUSH 'PRI-AIR SWITCH'
"85 Monvtor: WAIT UNTIL INITIATE

8560 OUTPUT 709;'AC14'
8570 OJTPUT 722;OT3w'.850 ENTER 722;14
890 IF V14)=.5 THEN GOTO Startrun IF INITIATE RUN, IT WILL GIVE
0.8 VOILTS

8.00 COTO Monitor
8I10 Startrun: !
8620 TO=TIMEDATE
8630 ON CYCLE .5 GOSUB Data
R640 ON DELAY Ishut GOTO Shutdown
9650 Timewait: I WAIT 0.5 SECOND

8670 GOTO Timewait
8,80 Data: ! READ ALL DATA EVERY 0.5 SECONDS
8694 OUTPUT 709;'AC2AF5ALI3'
8730 FOR 1=1 TO 14
8210 OUTPUT 722,T3"
8728 ENTER 722 USING '#,K';In(JI)
8730 OUIPUT 709; 'AS'
8740 NEXT I
8750 3:J+

- 8760 TI=TIMFDATE
8770 IF Al=1 THEN GOTO Tmabypass
9780 IF DROUND(T1-T0,3))=Tha THEN
8790 OUTPUT 739;DV13 ,2
8800 OUTPUT 709;'DCI0,3
8010 AI=1
882 END IF
8 O0 Tmabvpass: I
8R4Q 11T1=TAFDATE
8850 IF A2:I THEN GOTO T4by pass
8868 IF DRGUND(TI-TO 3))= T4 THEN
8970 OUTPUT 709;'DO0,2'
0388 OUTPUT 709;DO10,3"
8890 A2=I
8900 END IF
8910 T4bypass:
8920 TI=TIMEDATE
8930 IF A3=1 THEN GOTO Tbypass
8940 IF DROUND(TI-TO 3))= 5 THEN
8950 OUTPUT 709;'DCi0,I"
8960 A3=1
8970 END IF
8980 T5bypass: I
8990 TI:TIMEDATE
9000 IF A4=1 THEN COTO Thbypass
9010 IF LROUNO(TI-TO 3)):T6 THEN
9428 OUTPUT 709;-D0i5,1"
9030 OIJPUT 709; 'DCID,0
9940 A4:
9050 END IF
9064 T6bypass:!
9070 GOTO 9080 !' THIS NUMBER WILL BE CHANGED WHEN RENUMBER,
9080 RETURN
9095 Shutdowni
9100 OFF CYCLE"' ~9110 (a~-
9120 PRINT USING "
9130 PRINT " TEST COMPLETE, TURN OFF 'MAIN-AIR', AND TURN OFF 'HEATER
CASES''

9140 BEEP
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9160 !*(5) POST-RUJN OPERATION
9170 1

*9180 DISP 'HIT CONTINUE TO PROCEED TO DATA REDUCTIOjN'
9190 PAUSE
91,50 OUTPUT 709,;D010,0*
92'10 PRINTER IS 701
9220 PRINT USING '3/f
9230 PRINT ' **** PRE-RUN INPUT r
9240 PRINT USING 02/-

2K92FJ0 PRINT USING '1A9 X1A9 X1A9,X14,DDDB''eto'Tsn
s ,bat=';~te,'Feli$=;Fuelid$, Pbar=';Pbar"

061)PRIT USNG 14A,9A,5XI4A,9A 5X,14A,9A,5X,14A,9A'N'eaierfueL=';H4eate-f%e
1$'Iqnitionfjlip= AIanitionfuels "Pur e, i s=Pvrept-$
9270 P i ,DDDDX ~,DDdD, 4D D~~i'4r

9290 PRINT USING '14ADDDDDDD,.5X?14ADDDD X1ADDDDL2 14DEi 0

9340 1R~ I~NG "14A,D DDODD,5X,14A OD DD'Cp'CDi 'Dif:'CDt f
93590 PRINT USING *14A,DDDD.DDDD,5X,14A,DDDD:DDDD,jX, 14ArDD D.DDDD;'X1A.DrJf:;1

9360 PRINT'USINGC 14ADDD6DDDD,' 1ADD.DD;Dicae Ga rhaeL pf
9310 PRINT USINC '14A,DDDD.DDDD ,5X DDDX,14A,DDDDDDDtxhoe'D~hfhkeRhgf,
Lcifke='ifthRokR
9330 PRINT U1SING 14A,01DD.DDDD,tX,'14A, DDDD .D,,X,14ADDDDDDDD';*CKahf= ;KPh

9340 PRINT USING :14A DDDDDDDD,5X14A DPDDDDDD7Maid: Mrd Tdid:'-id
9350 PRINT USING '14ADDDD.DDDD,5X,14A DDDDDDDDjX, 14A DDDD;dmah=G
DaD;'hfd: amaifd Nhod:taif f:Mfd'p:~p 6,X1ADD,
9420 PRINT USINGE IN AD.DD;Gma IS Awl pta~
9306 PRINT USING '3/'DDDD,%,ADDDD,'X1ADD.DD'"h=,h,
9440 PR1NT UF' 14 mi D),5,4,DDDAT XRADD mmuu ;Xmf=;Kh
940 PRINT.m~ "'* =I.m

9400 PRINT USLING R1ADDDX1ATES INLbn/se , PESUEINPi, MERd4.AURE "I R T

9470 PRINT INETO A S4Ijcqs
9440 HEN PRINT DT XRCE

9490 PRINT USING '9AIX 6A 3X ,6A 4X 4A 4X ,6A,4X 6A XbA5X 6A 46A ix 1CA'iTime(sec), , Ma ir , hYMh' AA ,' P', CIAF( h Y 'he,
9500 FOR .J=I TO Imax
9510 FOR 1=1 10 14
9520 IF 1=1 THEN
95,10 "1 r:In(J I)
9540 PC I(VpC- 1pc0)v~pc+Pbar

*9550 END IF
9560 IF 1=2 THEN

9580 P=VhQh)KhPa
95.90 END IF KhPa
9600 IF 1=3 THEN
9610 Voa:In(J I)
9.120 P~:a=(pa 0)*Kpa+Pbar

* 96.30 END IF
9640 IF 1=4 AND Ht:1, THEN
9650 Vphf =In (J, I)
9660 Phf-(Vphf-VhO*pfPi
9670 END IF~ Vh0*pfPi
96,80 IF 1=5 AND Ht=l, THEN
9690 Vpha=In(J, 1)
9703 Pho=(Voh#-Voho(IVgKphg+Pha
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V9710 END IF
9720 IF I=6 ANJD Ff:1 THEN
9730 lVf~nil 1)
9740 Fz(Vf-VfC)*Kf
9750 END IF
9760 IF 1=6 AND Ff=O THEN
9778 F=0
97aO END IF
9790 IF I=7 THEN
9381 Vpifln(J)I)
9810 Pif=(Vpif-Vpjfo)*Keif
992,0 IF Pif(=(Ph+160) THEN
98.30 Pif=o,
9840 END IF
9850 END IF
98b0 IF 1:=8 THEN

9 8970 Vp;nJI HE
990 IF 19=( THEN HE

990 GO P cl
9910 Ti:T I.
9970 END IF
9980 IF 1:10 THEN
9990 Volts=In(j, I)
10900 GOSUB cl
1901 Ti=T
10920 END IF
9980 IF 1=110N 1 THEN
10040 Valts:In(J,I)
I0100 COSUB Tcalc
10060 Thf:T
106170 END IF
10030l IF 1=11 AND Htz1, THEN
10090 Volts~ln(JI)
10100o CCOSUtb Tcalc
10010 Tho:T
1q07%0 END IF
10031 IF f=113N l THEN
10140 Volts:In(J)I)
10150 GOSIJB Icalc
10111 TiV:-T
10171 END IF
10131 IF (13 THEN
10190 VoIts:In(J,I)
10200 GOSUB Tcalc

10270 END IF

10230 NEXT I n(,I

I V41 N=/2
102 1 0 Mair=KmairICdairKPa#,785 4*(DairchokeA2)/(TaA,5)
10260 Mh=mfCh*tf.V4*Dfh~')(h^5
10270 ?Utio=Kh*Cdh*Pho.7854*(Dhochoke'L2)/(ThOA .5)
10280 Mif=XmifICdlfkPif*.7854*(DifchokeA2')/(TifA,5)
18290 Mp:Kmp*%dpPp*,7854*(Dpchoke 2) /(Tp A, 5)
10300 PRINT USIN *2XDD.DD,3XDD. ODD ,4( A,D,DDDDD)5(3XDDD.D)'-,T,M !i~lft

* heho Mifg Ti F ,Pc ,Ph ,Ta

18328 PRINTER IS I
118330 PRINT USING l@'
10340 INPUT OD0 YOU WANT TO MAKE POST-RUN AIR CALCUATION? (Y/N)*,YyS
10350 IF Y4=*Y' THEN Ko:1
10360 IF Yyi='N' THEN COTO Finish
10370 COTO Paset TO CALCULATE THlE EFFECTI'% THROAT DIAMETER
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10380 Finish:
10390 PRINT "DATA OUTPUT IS COMPLETE'
IWO~ DISP OSECuRE TEST CELL I!
10410 LOCAL 769 RETURN LOCAL MODE
19420 END
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